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LOW VOLATILITY FORMULATIONS OF 
MICROENCAPSULATED CLOMAZONE 

This is a continuation-in-pad of Ser. No. 340,699, filed 

5 Nov. 16, 1994, abandoned. 

The present invention relates to formulations of cloma- 
zon-e having reduced volatility relative to conventional 
emulsifiable concentrates of clomazonc. In particular it 
relates to microencapsulated formulations of ciomazone in 

10 which the clomazonc is encapsulated in a shell of polyurea. 
Ciomazone, the common name for 2-(2-chlorophenyl) 
mcthyl-4,4-dimethyl-3-isoxazolinone, a highly efiTective 
herbicide, is also highly volatile, so much so that ciomazone 
applied to the soil in a target area may move to adjacent area 

15 s and there cause discoloration, most typically whitening or 
some degree of bleaching, of a variety of crops, trees, or 
decoradve plants. While this bleaching, indicative of the 
mode of action of the herbicide, may be temporary when 
plants are exposed to sufficiently low concentradons, it is 

20 unv/elcome, even when it does not result in the destruction 
of liic plant. Accordingly, the label for the use of Com- 
mand® 4 EC Herbicide, an emulsifiable concentrate formu- 
lation in commercial use that contains four pounds of 
ciomazone per gallon of formulation, lists a number of 

25 restrictions on how the product is to be used, including 
weather conditions, spray volume and pressure, and distance 
from areas where plants are in commercial production. For 
example, for preemergent applications ciomazone is not to 
be applied within 1,500 feet of commercial fmit, nut, or 

30 vegetable production or commercial greenhouses or nurser- 
ies. Clearly, this is a severe Hmitadon on the use of an 
hedDicide. 

[t is the purpose of the present invendon to reduce the 
volatility of ciomazone formulations, so that problem of 
35 off-site injury is significandy reduced, i.e., by at least fifty 
percent, while maintaining a sadsfactory level of herbicidal 
activity in the target area. 

Attempts to prepare formuladons of encapsulated do- 
ma:ione by the general methods known to the art, including 
40 polyamide shells as well as polyurea, frequently resulted in 
formulations diat not only gave litde or no reducuon in 
voladlity, but had poor physical characteristics, e.g., unde- 
sirable agglomeradon of the capsules or separadon of 
phases. Perhaps one factor accoundng for the difficulty in 
45 preparing sadsfactory formuladons is the significant water 
solubility of ciomazone. No, reports of formuladons of 
encapsulated ciomazone have been found. 

It has now been found that encapsulated formuladons of 
ciomazone for which the voladlity is reduced to fifty percent 
50 or less than that of the commercially available Command® 
4 EC emulsifiable concentrate of ciomazone, and which 
retziin a sadsfactory level of herbicidal acdvity, can be 
prepared, provided that the isocyanate and amine motedcs 
that arc to form die polyurea shell wall are carefully 
55 selected. 

The process of the invendon involves the following 
steps: (a) providing an aqueous phase containing an emul- 
sificr, preferably a partially hydrolyzed polyvinyl alcohol; an 
and foam agent, and opdonally a xanthan gum viscosity 
60 modifier/stabilizer; (b) providing a water immiscible phase 
consisdng of ciomazone and polymethylene polyphenyl 
isocyanate. with or without a hydrocarbon solvent; (c) 
emulsifying the water immiscible phase in the aqueous 
phjtse to form a dispersion of watcr-immiscible droplets 
65 throughout the aqueous phase; (d) agitadng the dispersion 
while adding to it, eidicr neat or in aqueous solution, 
ethylcnediamine, diethyltriaminc. tricthyicnetetraminc, 1,6- 
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hexanediamine, or a mixture of the polyfunctional amines, 
thus forming a polyurca shell wall around the watcr-immis- 
ciblc droplets. Once the microcapsules are formed, the 
suspension is cured by moderate heating, after which one or 
5 more stabilizing agents, such as propylene glycol, xanthan 
gum, smectite clay, or an ionic dispersing agent such as a 
sulfonate of an alkyi napthalene, may be added, as is 
well-known in the art It has also been found that adjusting 
the pH of the formulation from mildly acidic to mildly 
10 alkaline conditions, such as a range of from 6.5 to 9.0, e.g., 
pH 8.9, results in a formulation having improved storage 
stability. The addition of these materials, after encapsulation 
and curing to adjust viscosity and suspensibility is not seen 
to have any effect on the loss of clomazone through volatility 
15 or on the herbtcidal efficacy of the formulation. 

The aqueous phase will ordinarily contain 0.3 to 3.0, 
preferably 0.8 to 2.0, weight percent of one or more emul- 
sifiers, e.g., polyvinyl alcohol. 0.05 to 0.20, preferably 0.06 
to 0.15„ weight percent of the xanthan gum viscosity modi- 
20 fier/staljilizer, if it is used, and 0.1 to 1.0, preferably 0.4 to 
0.9, weight percent of the antifoam agent. 

The water-immiscible phase will ordinarily consist of 60 
to 85, preferably 65 to 77, weight percent of clomazone, an 
amount of polymethylene polyphenyl isocyanate (PMPPI) 
25 such thsit the ratio of clomazone to PMPPI is in the range of 
1:1 to 6:1, preferably 4.5:1 to 4.8:1, and an aromatic 
hydrocarbon solvent for the two solutes. However, use of 
solvent is optional in the preparation of formulations con- 
taining more than about two pounds of clomazone per gallon 
30 of formulation. In such preparations a small amount of 
solvent may still be used to depress the melting point. 

The amine solution will oniinarily contain 10 to 100, 
preferably 30 to 40, weight percent of ethylenediamine, 
diethylenetriamine, triethylenetetranune> 1,6-hexancdi- 
35 amine, or preferably a mixture of the poly functional ainincs» 
with ethylene diamine being used only in a mixture. 

The emuisification step requires high shear mixing to 
give smjill droplets of the immiscible phase. Factors that 
influence droplet size, which determines the eventual size of 
40 the micrtjcapsules, as well as the stability of the emulsion, 
include speed and length of mixing, the type and amount of 
surfactant, solvent, temperature, and viscosity, as well as the 
xanthan gum, when used. Selection of the appropriate 
microcapsule size to achieve the purposes of the invention 
45 requires a balance between competing factors. In general, 
increasing microcapsule size decreases volatility, but also 
decreases suspensibility of the particles, while decreasing 
size yields better suspensibility, but higher volatility. For the 
purposes of the present invention the average size of the 
50 microcapsules is 5 to 50 microns, preferably 5 to 30 microns. 
The operadng conditions to yield microcapsules of a desired 
size will depend on the emulsifying equipment used, and the 
adjustment to determine the proper conditions is well within 
the skill of the art. 
55 In contrast to the conditions of the emuisification step, 
agitation during the amine addition should be gentle. Stir- 
ring is continued while the suspension is cured by heating to 
a temperature of 35 to 60, preferably 45" to 50** C, for 3 to 
10, preferably 4 to 5, hours. 
60 The amounts of post encapsulation additives to be added 
typically would be selected from one or more of 0.75 to 6.5 
wt. % propylene glycol, 0.05 to 0.30 wt. % xanthan gum, 
0.25 to 0.50 wt. % smectite clay, and 0.5 to 6.0 wt % one 
or more surfactants, each weight percent reladve to the 
65 weight of the formulation after addition of the stabilizers. 
The foiTOulations of the present invention are prepared 
by the methods exemplified in the following examples. 
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EXAMPLE 1 

Preparation of a Clomazone 1.5 Pound/Gallon 
Capsule Suspension (5 CS) Formulation 
5 {Formulation A). 

A Slock solution of aqueous 20% (weight/weight) par- 
tially hydrolyzed polyvinyl alcohol having an average 
molecular weight of 13,000 to 23,000 (Airvol<S) 203) was 
prepjared by stirring and heating the appropriate amounts of 
polyvinyl alcohol and water at about 8O'*-90*' C. for one 
hour. The cooled solution was stored for later use. 

In a one-liter stainless steel beaker were placed 20.0 
grams of the aqueous 20% polyvinyl alcohol solution pre- 

15 pared above, 1 .8 grams of 100 % of a polydimethyl siloxane 
antifoam agent (Dow Coming® 1500), 15.0 grams of aque- 
ous 2% xanthan gum (Kelzan® M), and 400.0 grams of 
water After this mixture was mixed for 20 seconds at high 
speed in a high-shear mixer, a pre-blended solution of 140.0 

20 granis of clomazone, 30.0 grams of polymethylene polyphe- 
ny! isocyanate (PMPPI, Mondur® MR), and 30.0 grams of 
petroleum solvent (a mixture of Cg-Cjj aromatic, naphtha- 
lene-depleted, hydrocarbons, flash-point 95* C, Aromatic 
200 ND) was added, and the mixture was emulsified in the 

25 high shear mixer for five minutes. The mixture was then 
placed in a one-liter jacketed resin flask with the jacket 
pre-heated to 50* C. The mixture was stirred at a moderate 
speed with an air-powered stirrer, and a solution of 19.0 
granrts of triethylenetetramine (TETA) in 35.0 grams of 

30 water was added in one portion. The mixture was then stirred 
at 50° C. for four hours. After this time, 2.5 grams of a 
smectite clay containing magnesium aluminum silicate, tita- 
nium dioxide, and cristobalite (Veegum® Ultra), and 15.0 
grams of aqueous 2% xanthan gum (Kelzan® M) were 

35 added to stabilize the formulation. The formuladon was then 
stirred for about one hour and stored for later use. 

The formulations described in Tables 1 and 2 were 
prepiu-ed in this manner. 

40 EXAMPLE 2 

Large Scale Preparation of a Clomazone 2.0 
Pound/Gallon Capsule Suspension (2.0 CS) 
Formulation (Formulation E-1) , 

A solution of 5.24 pounds of polyvinyl alcohol (Airvoi 
203), 2.38 pounds of an aqueous solution of 20% polydim- 
ethyl siloxane antifoam agent (Dow Coming® 1520), and 

0. 21 pound of xanthan gum viscosity modified/stabilizer 
50 (Kelzan® S) in 284.20 pounds of water was placed in a 500 

gallon stainless steel vessel, and stirred at 80* C. for one 
hour. After this time the solution was cooled to 20* C. and 
placed in an 80 gallon batch homogenizer. With the.homog- 
enizer in operation, a pre-blended solutioaof 161,34 pounds 

55 of technical clomazone,^ 34.75 pounds of polymethylene 
polyphenyl isocyanate (PMPPI, Mondur® MR), and 34.75 
pounds of petroleum solvent (a mixture of C^-Ci^ aromatic 
hydrocarbons, flash-point 95* C, Aromatic 200) was fed by 
gravity into the homogenizer during a 15 to 90 second 

60 period. The mixture was homogenized for two to three 
minutes. Upon completion of the homogenization, the mix- 
ture was placed in a jacketed reactor with the jacket pre- 
heated to 50* C. To the jacketed reactor was added, over a 
period of 30 seconds, an amine mixture consisting of 10.97 

65 pounds of triethyleneteu^ne (TETA) and 1 0.97 pounds of 

1, 6-hexancdiamine (HDA). After the amine addition was 
completed, the mixture was cured with agitation at 25'* C, to 
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50*" C. during a four hour period. At the end of the curing 
period, 35,70 pounds of propylene glycol and 1.19 pounds 
of xanthan gum were added to stabilize the formulation. The 
formulation was then cooled to below 30* C. and stored for 

5 later use. Ii had a viscosity of 1870 cps and a suspensibility 
of 82%. Both formulations described in Tables 3 and 4 were 
prepared in the manner of Example 2. Formulation A-l is a 
larger scale version of Formulation A, and Formulation E-1 
is a larger scale version of Formulation E. 

10 Fo:rmuIation P, a three pound per gallon formulation, the 
components of which arc given in Tables 3 and 4, was 
prepared by the method of Example 2. In this preparation 
0.133 pound of the sodium sulfonated naphthalene conden- 
sate was added to the aqueous phase during its preparation. 
The post encapsulation addiuves, including the remainder of 
the sodium sulfonated naphthalene condensate, was added 
after the curing period at about 35^ C, while the formulation 
continued to mix and cool to ambient temperature. The 
hydrochloric acid was then added to bring the pH from 10 8 
to 8.9. 

The currcndy preferred pracdcc, after the curing step, is 
to continue stirring the formulation until the temperature 
reaches about 35° C, and then to add the hydrochloric acid 
to bring the pH to about 7,8. The post encapsulation addi- 
tives, including the remainder of the sodium sulfonated 
25 naphtlialene condensate, is added, and stirring of the for- 
mulation is continued for about 30 minutes to give a 
homogeneous mixture. 

In subsequent preparations of Formulation E by the 
method of Example I, certain refinements in the procedure 

30 have been found advantageous. Adjusting the pH of the 
aqueous solution to 4 reduced the undesirable reaction 
between PMPFI and water, as did cooling the solution to 
S^-IO" C. Preparations have also been carried out with the 
clomazone solution and the amine solution, as well as the 

35 initial aqueous solution, all cooled to S^-IO" C. However, 
when liierc is no solvent in the water-immiscible phase, low 
tempeiratures are not used to avoid freezing the clomazone, 
Othin" formuladons prepared by the method of Example 1 , 
but diifering from the formulations of the invention in the 

^ components of either the isocyanate-or amine-containing 
phase, proved to be unsatisfactory in controlling the vola- 
tility of clomazone or in the physical stability of the formu- 
ladon. The compositions of ,represcntadve unsatisfactory 
formulations are given in Table 5. Three of these formula- 
tions fsuled to control the volatility of clomazone adequately, 
as will be shown below. Formulation O was too viscous 
(6360 cps). 

Formulation L is the same as Formulation A of the present 
invention, except that the polymethylenc polyphenyl isocy- 
anate (PMPPl) was replaced with toluene diisocyanate 
(TDI). TDI is more reactive in water than PMPPI, which 
causes undesirable side-reactions leading to foaming in the 
emulsiiication step of the preparation of this formulation, 

55 Formulation M was an attempt to copy the formulation 
used successfully in an effective, four pound/gallon, capsule 
suspension formulation of an insecticide, substituting clo- 
mazone for the insecticide. The microcapsules produced 
were too small, and here, too, TDI caused foaming prob- 

60 Jcn^- 

Formulation N is the same as Formulation A of the present 
invention, except that the xanthan gum viscosity modifier/ 
stabilizer is not used in the emulsification step. Batches of 
Formulation N prepared in this way gave microcapsules that 
65 not only are somewhat smalU but are not uniform in size and 
tend to aggregate. Moreover, the formulation has poor 
physical stability, resulting in phase separadon. 
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That attaining the desired combination of reduced vola- 
tility, physical properties, and efficacy is not achieved sim- 
ply by following the prior art is shown by two additional 
preparations. Formulations V and W were prepared by the 

5 method of U.S. Pat. No. 4,280,833, Example 8. The com- 
position of these formulations is given in Table 5a, Both 
formulations separated on standing, forming in the bottom 
of the container a hard-packed layer, which could be redis- 
persed by shaking. Each gave at least as much release of 

10 clomazone as the standard Command® 4 EC Herbicide, 
when subjected to the laboratory volatility test described 
below. 

The average size of the microcapsules of formulations of 
tlie invention, as well as the unsatisfactory formulations, is 
given in Table 6. 



Volatility Studies 

2Q Laboratory tests for the volatility of capsule suspension 
(CS) formulations of clomazone were carried out in the 
following manner. Sufficient unsterilized topsoil to conduct 
the test was passed twice through a 14-mesh sieve to remove 
large particles and debris. The fine particles were then 

25 removed through a 30-mesh sieve, leaving behind topsoil of 
intermediate-sized particles. This intermediate-sized topsoil, 
240 grams, was spread uniformiy to a thickness of about one 
to two millimeters over an area of about 27.9 cm.x41.3 cm 
in a tray measuring 32.4 cmx45.7xL9 cm. The topsoil was 

^ then sprayed from an overhead track sprayer calibrated to 
deliver 20 gallons of water per acre. The spray mix consisted 
of sufficient clomazone test formulation to provide 0,0712 
gm of active ingredient in 20 mL of water. In this manner the 
clomazone test formulation was applied to the soil at a rate 

35 of 1 .0 kg a.i. (active ingredientVha. Immediately after treat- 
ment, the soil was enclosed in a glass jar, where it remained 
Ijriefly until used. 

For each clomazone test formulation, four 22 mmx300 
mm glass chromatography colimins, each containing a 

40 coarse sintered glass barrier at the bottom, were connected 
liuough their bottom ends to a multi-port air manifold, 
which delivered equal air presstire simultaneously to a 
number of columns. In each of the four columns was placed 
59 gms of the treated topsoil, which filled about 200 nim of 

43 the column length. In the top of each coliinm was then 
placed a polyurethane foam plug designed to fit inside a 21 
ito 26 mm diameter tube. As soon after the soil treatment as 
the columns could be set up, a slow stream of air (0.75-1 .00 
[iter per minute per column) from the multi-port air manifold 

50 was passed through the soil in each column, causing the 
volatilized clomazone to collect on the polyurethane foam 
plug. The time between the soil treatment and the start of the 
air flow was about one hour. The air flow was continued for 
about IS hours. 

55 Following the 1 8 hour collection period, the polyurethane 
foam plug from each column was placed in a 20 mL plastic 
syringe. The polyurethane foam plug was thoroughly 
extracted by drawing 15 mL of methanol into the syringe 
and through the plug, forcing the methanol extract into a 

60 beaker, and repeating the process several times. A 0.04 mL 
aliquot of the 15 mL sample was diluted with 0.96 mL of 
methanol and 1.0 mL of water. A 0.1 mL aliquot of this 
solution was analyzed for clomazone content using an 
enzyme-linked irnmunosorbent assay (ELIS A), a meiiiod 

65 reported by R. V, Darger et al. (Ji Agr. and Food Chem., 
1991, 39, 813-819). The total clomazone coiitent of the 
foam plug, expressed in micrograms, of each sample was 
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recorded and compared to the clomazonc content of the 
sample from the standard. Command® 4 EC Herbicide. 

The test results, given in Table 7, show that the CS 
formulations of the present invention are effective in reduc- 
5 ing the amount of clomazone lost by volatility. While all of 
the formulations listed gave a significant reduction in vola- 
tility, the results for Formuiauons E and F» prepared from 
mixtures of TETA and HDA. are particularly noteworthy, 
losing only S% and 10%, respectively, as much clomazone 
as was lost from the standard 4 EC. The 2.0 lb/gal formu- 
lations made from the single polyfunctional amines. Formu- 
lation B from TETA and Formulation D from HDA, each 
lost m<jre than twice as much clomazone as did the formu- 
lations prepared from mixtures. Also. Formulations G and H 
each hjid less volatility loss than that of either HDA or DETA 
alone jj^ormuiations D and K). Accordingly, in the prepa- 
ration of the formulations of this invention, the use of 
mixtures of DETA or TETA or both with HDA, particuiariy 
in ratios of 3:1 to 1:3, give unexpectedly superior reduction 
of volatility. Mixtures of TETA and EDA give volatility 
lower liian that of TETA alone. However, it should be noted 
that Formulation P, a 3 Ib/gai formulation, with DETA alone, 
gave as much reduction in volatility as Formulations G and 
H. 

The unsatisfactory formulatTons L, M, and N arc clearly 

^ far less effective in reducing the volatility of clomazone. The 
high volatility loss for Formulation L (91% of that lost by the 
standard clomazonc 4.0 EC) suggests that the polymeric 
walls formed from triethylenetetramine (TETA) andTDI are 
too pei-meable^ allowing the clo mazo ne to volatilize and the 

^ walls formed from PMPPI and TETA or PMPPI in combi- 
nation with TETA and 1 ,6-hexanedianune (HDA) are much 
less p<OTieable. so that clomazone loss from volatility is 
much reduced. Formulation M, which gives excellent results 
when the active ingredient is a less water-soluble insecticide, 
is totally unacceptable for clomazonc. giving volatility equal 
to thai; of the standard clomazone 4,0 EC. The difference 
between Formulations A and N in reducing the loss of 
clomaconc through volatility is particularly surprising, inas- 
much as the only difference is the absence of xanthan gum 

^ in the aqueous solution prior to encapsulation in Formula- 
tion N. The fiinction of xanthan gum seems unpredictable, 
however, since the only difference between Formulations K 
and O is the presence of xanthan gum in the aqueoxis 
solution prior to encapsulation in K. These two formulations 
have the same volaulity loss, but the viscosity of Formula- 
tion K is 3640 cps, whU^ that of O is 6360! No discernible 
difference has been found between Kelzan® M and Kelzan 
S xanthan guni in the aqueous phase prior to encapsulation 
in their effect on the formulations, 

^ Formulations V and W, based on the an earlier patent, 
were no better than the 4 EC formulation in controlling 
volatility. 

Tests to determine the voladlity of clomazone CS formu- 
55 lations in the field relative to that of the standard. Com- 
mand® 4 EC Herbicide were carried out as , follows. One 
trial on Formulation A-1 was conducted in a field of two- 
week old sunflowers, a plant species susceptible to cloma- 
zone. Plots were established on a 12x14 meter grid. Each 
60 plot was prepared by removing the sunflower seedlings and 
other vegetadon from areas about 60 cm in diameter located 
at the intersections of the grid lines. The grid lines were 12 
meters apart in one direcdon and 14 meters apart in the 
perpendicular direction. The edge of one replicate was at 
65 least 12 meters from the edge of the next replicate, a distance 
sufficient to prevent interference between replicates. Over 
each plot where the soil was exposed was placed a 60 cm 
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diameter, open-ended barrel that was lined with a plastic 
sleeve fashioned from a trash can liner. Each plot was 
sprayed with 10-15 mL of an aqueous dispersion containing 
0.12 gram of active ingredient. To minimize the drift of 

5 clomazone, the spraying -was conducted inside the barrel 
using a hand-held sprayer. Upon completion of each appli- 
cation, the barrel was left in place, and the top was covered 
for about two to three minutes to allow the spray to settle to 
the soil surface. The barrel was then removed, leaving each 

10 plot open to ambient conditions. There were three to four 
replicates for each test formulation. To prevent cross-con- 
tamination, the plastic sleeve was replaced before applying 
each new test formulation. The test was evaluated at seven 
days after treatment by measuring the distance from the 

15 center of each plot to, first, the most distant point where 
discoloration of the sunflowers could be found, then at 45' 
intervals around the center of the plot. The area of discol- 
oration of this sunflowers was calculated, and the area of the 
direct treatment was subtracted to provide the area affected 

20 by the volatility of clomazone. 

A second "test on Formulation A-1 was carried out in the 
same manner in a second field of sunflowers, this time with 
a 44 cm barrel and on a 14x14 meter grid. The total areas 
affected by clomazone movement from each test site for 

25 each test foiTnulation and the standard clomazone 4.0 EC 
formulation were determined. From these data a percent 
reduction of area discolored by clomazone as compared to 
the standard Command® 4 EC was calculated for each test 
formulation. 

A third test, this time with Formuladon P, was a series of 
tests, carried out in different geographic locations having 
different environmental and soil conditions. At each location 
a three acre plot was planted with sunflowetj. The cloma- 
zone formulations were applied to a lO'xlC bare ground plot 
when the sunflowen had reached the 2-6 leaf stage. Pre- 
requisite conditions for application were that the soil be 
moist, but not saturated, to facilitate volatilization. Evalua- 
tions were niade 7-10 days after application and 10-14 days 
after the first significant rainfall event by means of the same 
^ general metliod described for the first test. The areas given 
arc totals for all sites; the percent reduction is an average of 
those from £ill sites. The test results, given in Table 8, show 
that Formuladon A-1 reduced by one half the area affected 
by clomazone compared to Command 4 EC, and Formula- 
txon P was significantiy more effective in reducing volatility. 

Efficacy Studies 

Seeds of bamyardgrass (Echinochloa crusgalli), giant 

30 foxtail {Setaria faberi), yellow foxtail (Setaria lutescens), 
shattercane (Sorghum bicolor), and velvetlcaf (AbutUon 
theophrasti) were planted in a 25 cmxl5 cmx7.5 cm fiber 
flat containing topsoil. Each species was planted as a single 
row in the fiat, which contained five rows. There were four 

55 replicate flats of plants for each rate of application of test 
formuladon. Stock dispersions of each of the lest formula- 
tions were prepared by dispersing a sufficient amount of 
formuladon to provide 0.0356 gram of active ingredient in 
40 mL of water. From the stock dispersion 20 mL was 

60 removed and serially diluted with 20 mL of water to provide 
application rates of 0.25, 0.125, 0.0625, 0.0313, 0.0156, and 
0.0078 kg. a.i7ha. The dispersions of test formulation for 
each rate of applicadon were then sprayed onto the surface 
of the soil by a track-sprayer in a sprayhocd. Flats were also 

65 sprayed as above with the same rates of the standard 
Command<S) 4 EC Herbicide. Untreated controls were also 
included in each test. Upon completion of the spraying the 
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flats were placed in^ a greenhouse, where they were main- 
tained for fourteen days. After this tinie the test was visually 
evaluated for percent weed control. The percent weed con- 
trol data for each test formulation and the Command 4 EC 
5 Herbicide formulation was subjected to regression analysis 
to determine the rate of application that would provide 85% 
weed control (EDgs) of each of the weed species. From diese 
data the relative potencies of the test formulations (the 
relative potency of the Command 4 EC Herbicide is 1.0) 
were determined by means of the following ratio: 



The test results shown in Table 9 show relatively poor 
15 performance for Formulation E in the greenhouse. As shown 
below, performance of Formulation E in the field was 
excellent. The reason for the difference between greenhouse 
and field performance is not understood. However, the 
greenhouse performance of Formulation P was excellent, as 
20 was performance in the field, as shown below." 

In a field test of the efiBcacy of Formulation A-1 the test 
formulations were sprayed onto the surface of the soil 
(preemergence) at an application rate of 1 .0 pound a.i7acre 
in i2.7>c30 foot plots planted with cotton and weed seeds. 
25 There were four replicate plots for each formulation tested. 
The test formulation was applied by means of a backpack 
sprayer, equipped with flat fan spray nozzles, at a delivery 
volume of 15-20 gallons/acre and at a spray pressure of 
28-30 psi. The plots were evaluated for percent weed 
30 control at 15 and 30 days after emergence of the plant 
species in the test. The cotton plants were evaluated for 
bleaching, stunting, and stand reduction. Test results, given 
in Table 10. show this CS formulation to be slightly less 
eflfective against three of the four test species and essentially 
35 equivalent to the 4 EC in effects on cotton. (The similarity 
in effect on cotton is not unexpected, since this test is the 
result of direct application and does not involve movement 
to an adjacent site.) 
In a fiijld test of Formulation E the test formulations were 
40 sprayed onto the surface of the soil (preemergence) at 
2^)plication rates of 0.125, 0.25, and 0.5 pound a.i7acre in 
6.7x12 foot plots planted with eight different plant species. 
There four replicate plots for each formulation tested 
The test formulations were applied using a backpack 
45 sprayer, equipped widi four flat fan spray nozzles, at a 
delivery volume of 20 gallons/acre and at a spray pressure 
of 25 psi. The plots were evaluated for percent control 20 
days after treatment The data in Table 1 1 show that this CS 
formulation at 0.5 pound active ingredient per acre is giving 
50 commercial control, defined as at least 80 to 85 percent 
control of all species, everywhere the standard is giving 
commercial control, except for shattercane at 0.5 ib/A, 
which falls slightly below the percentage goal for control. 
Table 12 reports results of a field test of Formulation P and 
55 the 4 EC formulation in which both formulations were 
applied at 0.88 lb/A, preemergence. It is apparent that in 
most cases where the 4 EC formulation is giving commercial 
control. Formulation P is also. Again, the effect of the 
encapsulated formulation P on cotton is negligible. 
60 Table 13 reports another field test of Formulation P, again 
applied preemergence, that shows that at 0.5 lb/A the encap- 
sulated formulation is controlling all species except shatter- 
cane. 

As noted above, the stabilizers added after encapsulation 
65 and curing are thought to have no effect on the volatility or 
the eflScacy of the formulation. They are added to stabilize 
the formulation and adjust the viscosity. It is prefered that 
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each formulation of this invention have a suspensibility of 
greater than 70%, a viscosity of 1 700 to 3800 cps, and a iOO 
mesh wet screen analysis of greater than 99.95%. 

It is understood that there may be variations from the 
specific embodiments described herein without departing 
from the spirit or concept of the present invention as defined 
in the claims. Included in such variations are mixtures in 
which the encapsulated clomazone of this invention is part 
of a mixture with one or more other herbicides, e.g., fiu- 
meturon or sulfentrazone, whether or not encapsulated. 

TABLE 1 

Pn*paration of Oomazone Capsule Suspension (CS) Formulations 
(Componems and Amounts) 



Fonnulation 






Weight 


(grams) 








A (1.5) 


B (2.0) 


C (1.5) 


D(10) 


E (2.0) 


F (2.0) 


Component 














Aqueous Solution 














Waier 


430.7 


493.00 


430.70 


493.00 


493.00 


493.00 


PVA 


4.0 


4.58 


4.00 


4,58 


4.58 


4,58 


Xantban Gum 


0.3 


0,35 


0,30 


0.35 


0.35 


0.35 


(a.i-)^ 














Andfoam 
(a-L) 

Isocyana&e Solutio 


1.8 


Z06 


1.80 


2.06 


2,00^ 


2.06 


n 












Oomazone 


140.0 


280.00 


140.00 


280.00 


280.00 


280.00 


Petroleum 


30,0 


60.00 


30.00 


60.00 


60,00 


60.00 


Solvent 














PMPPI 


30-0 


60.00 


30.00 


60.00 


60.00 


60.00 


Amine Solution 














TETA 


I?.0 


38.00 






19.00 


9.50 


HDA 






19.00 


30,00 


19.00 


2850 


Water 


35.0 


6100 


31.00 


70.00 


6X00 


62.00 



Post Enc^stilation 
Stabilizers 



Smectite Clay 
in Water 

Propylene 

Glycol 
Xanthan 
Gum (a.i.) 



2.5 
14,7 



0.3 



19,60 
0.40 



9.00 18.00 
1,00 2.00 



9.00 ^ 18.00 
1.00 2.00 



Weight (grams) 



FormuLition (Ib/gal) 


G (ZO) 




I (2.0) 


J(XO) 


K(2.0) 


Coii^>0]Knt 












Aqueous Solution 












Water 


493.00 


493.00 


493.00 


493.30 


493.00 


PVA 


4.6 


4.6 


4.58 


4.58 


4.58 


Xandiaxi Gum (a.i.) 


0.4 


0.4 


0.35 




0.35 


Antifoam (a.i.) 


2.1 


2.06 


2.06 


2.06 


2.06 


isocyanate Solution 












Clomazone 


280.0 


280.00 


280.00 


280.00 


280.00 


Petroleum Solvent 


60.0 


60.00 


60.00 


60.00 


60.00 


PMPPI 


60.0 


60.00 


60.00 


60.00 


60.00 


Amine Solution 












EDA 






,7.6 


7.6 




TETA 






30.4 


30.4 




DETA 


11.20 


19.00 






38.00 


HDA 


19.00 


19.00 








Water 


69.3 


62.00 


62.00 


62.00 


6100 


Post Encapsulation 












Stabilizirrs 













Smectitis Clay in 
Water 
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TABLE 1 -continued 



Preparation of Qomazone Capsule Suspension (CS) Formulauons 
(Components and Amounts) 



Propylene GIy<:ol 
Xanthan Gum (a.i.) 



41.00 
1.00 



19.60 
0.40 



19.60 
0.40 



19.60 
0.40 



PVA - Airvol ® 203 polyvinyl alcohol. 

Xanthan gum Kelzan ® M and KeUaxi S x^han gums differ in that S has 
IQ been surface treated to improve ease of dispersion. M was used in all cases 
except post encapsulation in Fonxiuladons A, C, D, F, and R 
Antifoam - Dow Coming® 1500 is 100% polydimethyl siloxane. Dow 
Coming 1520 is a 20% solution; amount shown is active ingredient (a.i.). 
1500 was used in Formulations A and C; 1520 in the others. 
Petroleum solvent - Aromatic 200, a mixture of C9-C15 aromatic hydrocar- 
bons. Sash point 95** C. That used in Fomuilaiion A was naphthalene depleted. 
15 PMPPI - \Iondur ® MR polymethylene polyphcnyl isocyanate. 
TETA - triethylcnetetramiine. 
HDA - 1.6-hexanediamine. 

Smectite clay - Vecgum ® Ultra clay consisdng of magnesium aluminum 
silicates with titanium dioxide and cristobalite present 
EDA - ethylenetdiamine. 
20 DETA - dicthylenciriamine. 



TABLE 2 



25 



30 



35 



40 



45 



30 



Clomazone C^ule Suspension <CS) Formulations 
(Components and Weight/Weight Percents) 



Formulation 






Pement 


(wt/wt> 






(Ib/gal) 


AdJ) 


B(20) 


C(1.5) 


D(XO) 


E(2.0) 


Fao) 


Component 














Clomazone 


19.77 


27.45 


20.09 


27.45 


27.72 


27.45 


Encapsulating 


Polymer 












PMPPI 


4.24 


5.88 


4.31 


5.88 


5.94 


5.88 


HDA 






2.72 


2-94 


1.8S 


2.79 


TETA 


2.68 


3,73 






1.88 


0.93 


Polyvinyl 


0.56 


0-45 


0.57 


0.45 


0.45 


0.45 


Alcohol 














Petroleum 


4.24 


5.88 


4.31 


5.88 


5.94 


5.88 


Solvent 














Polydimethyl 


0.25 


0.20 


0-26 


0.20 


0.20 


0.20 


Siloxane- 














Antifoam 














Agent 












0.23 


Xanthan 


0.08 


0.07 


0.19 


0.23 


013 


Gum- 














Viscosity 














Modifier/ 














Stabilizer 














Propylene 




1.92 


1-29 


1,77 


0.89 


1.77 


Gylcol 














Stahiiizer 














Smectite 


0.35 












Oay- 














Visajsity 














Modifier 














Water 


67.83 


54.42 


66.26 


55.20 


54.95 


54.42 


Total 


100.00 


100.00 


100.00 


100.00 


ioo.oo 


100.00 



55 



Percent (wt/m) 



Formulation (Ib/gal) 



G(ZO) H(Z0) 1(2.0) J (2-0) K (2,0) 



60 



Component ' 
Qomazow 

Encapsulating Polymer 

PMPPI 
EDA 
TETA 
DETA 



28.00 26.7 27,45 27.45 27,45 



6.00 5.70 5.88 5.88 5.88 

— — 0.75 0.75 

— — 2.98 2.98 

1.12 1.80 — — 3.73 
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TABLE 2-continued 



10 



15 



aomazone Capsule Suspension (CS) Formulaiions 
(Components and Weight/Weight Perccnts) 



HDA 


1.90 


1.80 








Polyvinyl Alcohol 


046 


0.44 


0.45 


0.45 


0.45 


Petroleum Solvent 


6.00 


5.70 


5.88 


5.88 


5.88 


polydimethyl 


0.21 


0,20 


0.20 


0.20 


0.20 


Siloxane- 












Aniifoam Agent 










0.07 


Xanthan Gum- 


0.04 


0.13 


0.07 


0.04 


Mscosity 












Modifier/ 












Sterilizer 










1.92 


Propylene 




4.67 


1.92 


1.92 


Gylcol 












Stabilizer 










54.42 


Water 


56.27 


52.86 


54.42 


54.45 


Total 


100.00 


100.00 


100,00 


100.00 


100.00 



TABLE 3 



25 



35 



40 



45 



50 



55 



Large Scsile Preparation of aomazooe CS Formulations 
(Components and Amounts) 



Faramlation (lb/gal) 



Qomazonc 
Petroleum Solvent 
PMPPI 

Amine Solution 



Weight qbs) 



A-l (1.5) E-l (2.0) P (3.0) 



Component 
Aqueous Souldon 

Water 222.85 

PYA 2.000 

Xanthan Gum 0.300 

Andfoam 0,900 
Isocyanate Solmion 



284.20 
5-24 
0.21 
^38 



70.000 16134 
15.000 34.75 
15,000 34.75 



TETA 9.500 

HDA — 

DETA — 

Water 17.500 
Post Encapsuladon Additivca 

Propylene Glycol — 

Xanthan Gum — 

Smccdte Clay 1.250 

Bactericide A^ 0.009 

Bactericide 0.177 

Bactericide C' — 

Na Naphthalene Sulfonate^ — 

Concentnued Aqmtous Hcl — 

Amphoteric Surfacrtant^ — 



10.97 
10.97 



40.50 



35,70 
1.19 



274.4 
5.05 
0.22 
4.30 



2S9.8 
31.2 
6Z5 



40.0 



39.8 
26.2* 



0.4 
5.3 
2233 
26.0 



^Dowcide ® A (o-phenylphenate teirahydratc) 

^Legend ® MK (mixture of 2-methyl-4-i$othiazoUn-3-one5) 

'Proxe! ® (l,2-ben2isothiazolin-3-onc) 

''Sodium salt of sulfonated naphdialene condensate 

*Mirataine ™ H2C:-HA (sodium lauriminodipropiooate) 

♦as a L9 wt % dispersion. 



60 



65 
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TABLE 4 



Large Scale Clomazonc CS Formulaiions 
(Components and Weight/Weight Percents) 



Percent (wt/wt) 



IS 



20 



FormuLation 


A-1 


E-1 


p 


Component 








Oomazone 


19.74 


25.93 


35.02 


Encapsulating Polymer 








PMPPI 


4.23 


5.59 


7.55 


HDA 




1.76 




TETA 


2.68 


1.76 




DETA 






4.83 


Polyvinyl Alcohol 


0.56 


0.84 


0-61 


PeCFoIeura Solvent 


4.23 


5.59 


3-77 


Polydimethyl Siloxane-Antifoam Agent 


0.25 


0.38 


0.53 


Xanthan Gum^Viscosity 


0.09 


0.23 


0.09 


Modi fier/Stabilizer 








Propylene Gylcot Stabilizer 




5.74 


4.81 


Smectite CIay-\^scosity Modifier 


0.37 






Bactericides 


0.05 




0.05 


Na Naphthalene Sulfonate Condensate 






0.65 


Concentirated Aqueous Hcl 






2.70 


Amphottfric Surfactant 






0-94 


Water ~ , 


67.80 


52.18 


38.45 


Total 


100.00 


100.00 


100,0 



TABLE 5 



Unsatisfactofy Oomazone CS Formulations 
(Components and Weight/Weight Percents) 

35 Percent (Wt/Wt) 



40 



Fbizmilation 


L 


M 


N 


0 


Conqjonent 










Oomazone 


20-38 


30.43 


20-38 


27.45 


EncapsuLidng Polymer 










PMPPI 






4J7 


5.SS 


TDI 


4.37 


1.73 






TETA 


2.77 




im 




DETA 




0.73 




3.73 


EDA 




0.15 






Polyvinyl Alcohol 


0.58 


2.72 


0.58 


0.45 


Petroleturi Solvent 


4.37 




ASI 


5.88 


Polydinietfayl Siloxane 


0.26 


0-28 


006 


0.20 


Andfoam Agent 










Xanthan <3uin Viscosity 


0.04 






0.04 


Modi fier/!>tabilizer 










Propyteae Glycol Stabilizer 








1.92 


Water 


67.23* 


63.96 


67.27* 


54.45* 


Total 


100.00 


100.00 


100.00 


100.00 



55 TDI is toluene diisocyanate 
DETA is diethylenetriamine 
EDA is ethyleiwdiamine 

*Ten mL of a 10% soludon of xanthan gum in propylene glycol was added 
to stabilize; the fonnul»ion after it was prepared. 

60 
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TABLE 5a 



Unsatisfactory Clomazone CS Formulations 
(Components and Weight/Weigfat Pereents) 



Weight (g) 



Percent (Wt/Wt) 



Formulation 


V 


W 


V 


W 


Component 










Qomiszone 


3(X}.0 


300.0 


34.9 


49.0 


Encapsulating Polymer 










PMPPI 


22.5 


22.5 


2.6 


3-7 


HDA (40%) 


24.8 


24.8 


2.9 


4.0 


Reax 88B ® 


11.6 


5.7 


1.3 


0.9 


Ethylene Glycol Stabilizer 


25.7 


25.7 


3.0 


4.2 


Water 


476.0 


234.0 


55.3 


38.2 


Total 


860.6 


61X7 


100.00 


100.00 



10 



15 



20 



HDA [$ 1,6-hexanediainine. 

Reax 88 B ® is a sodium lignosiUfonate. 



TABLE 6 



25 



Average Particle Size of Microcapsules in Oomazone CS 
FontmlatioQs 



30 



35 



40 



Average Average 
Particle Particle 
Size (pm) Foimulation Size (pm) 



A 


26' 


J 


11 


B 


21 


K 


17 


C 


16 


L 


14 


D 


18 


M 


2 


E 


15 


N 


9 


F 


15 


O 


7 


G 


23 


P 


14 


H 


12 


V 


21 


I 


12 


w 


17 



Particles size was determined using a Malvern Master Sizcr MS 20. 



TABLE? 



45 



50 



55 



60 



Volatility of Clomazone &om CS Formulations as 

Cotnpared to the Volatility of Ooinazone 
from the Standard, Command ® 4 EC Herbicide 



Foimulation 


Micro^anis of 
Qomazone Collected 


Percent of 4.0 EC 


A 


28 


32 


B 


30 


33 


C 


17 


19 


D 


20 


22 


E 


8 


8 


F 


9 


10 


G 


15 


14 


H 


13 


14 


I 


21 


15 


J 


23 


17 


K 


24 


17 


L 


81 


91 


M 


* 


no 


N 


56 


62 


O 


22 


16 


P 


14 


14 


V 


110 


103 


w 


126 


114 


Standard 4.0 EC 


90-93 


100 



65 



♦Volatility detcnnincd by a different test method. 
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TABLE 8 



Volatility Effect of Gomazonc CS Formulations Compared to 
Comnmnd O 4 EC Heitriride on Sunflowers in Held Studies 



Perccni Reduction 



Formulation (Test 


Area of EHscolored 


in Area Discolored 


No.) 


Sunflowers (cm^) 


by Volatility 


A-1 (1) 


6378 


49.0 


Comiiianii 4 EC 


12904 




A-1 (2) 


17449 


5Z8 


Command 4 EC 


37004 




P 


256334 


67J 


Command 4 EC 


788721 





10 



15 



20 



25 



30 



35 



TABLE 9 



Relative Potency of Clomazonc CS Formulations Compared to 
Conunand ® 4.EC Hctbicidc against Weed Species 
in Greenhouse Studies 









Relative Potency 






Formu- 


Barn- 
yard- 


Giant 


Yellow 


Shatter- 


Green 


Velvet- 


lation 


grass 


Foxtail 


Foxtaa 


cane 


Foxtail 


leaf 


A 


0.70 


0.54 


0.35 


0-66 




0.69 


D 


0.50 


0.59 


1.02 


0.40 




0.36 


E 


0.19 


0.28 




« 




0.34 


P 


0.63 


0.54 




0-95 


0.95 


0.90 



*Too small to measure at rate tested. 

TABLE 10 



lifficacy of Clotnazone CS Formulation A-1 Con^aied to 
Command ® 4 EC Herbicide against Weeds in Held Swdies 

Percent Control IS DAE^ and 30 DAE 

Johnson- Bermuda* Pitted 
grass grass Momiagglory Sicldepod 



40 


Formulation 


15 


30 


15 


30 


15 


30 


15 


30 




A-1 


6S 


54 


0 


1 


72 


54 


26 






4.0 EC 


85 


56 


20 


55 


66 


70 


21 





55 



60 



Effects on Cotton 



45 



50 



Percent Bl e ac h i n g 

15 30 Stand Reduction Stunting 

A- 1 0,7 0.5 none none - 

4.0 EC 0.7 0.7 none none 



*DAE is days after emergence of the test plant species. 
Rate of applic^on is l.O pound a.iJacre. 

TABLE 11 

EEScacy of Qomazonc CS Formulation E Compared to 
Command ® 4 EC Herfaidde 
against Certain Weed Species in Held Studies 

Percent Control 
Rate of Application (lb. ai/A)' 



Plant Species 
Formulation 




OJ 




0.25 


0.125 


E 


4 EC 


E 


4 EC 


E 4 EC 


Bamyardgrass 


100 


100 


98 


99 


91- 97 


Giant Foxtail 


100 


100 


98 


98 


95 96 


Yellow Foxtail 


95 


93 


50 


57 


50 35 



Reissue Application 

for US Patent 5,597,780 



Docket No. 54883 



10 



15 



20 



15 

TABLE 11 -continued 



Efficacy of Qomazone CS Formulation E Compared to 
Command ® 4 EC Herbicide 
against Certain Weed Species in Field Studies 



Percent Control 
Rate of Applicadon (lb. ai/A)^ 



llanl Species 
Formulation 



0.5 



0,25 



0.125 



Crcca Foxtail 

iaiattcrcane 

Johnsongrass 

Spriiig Wheat 

Velveileaf 

Grass 

j\verage^ 



E 


4 EC 


£ 


4 EC 


E 


4 EC 


99 


100 


83 


95 


53 


68 


73 


90 


33 


53 


33 


35 


100 


100 


93 


97 


85 


93 


55 


60 


18 


26 


8 


9 


100 


100 


93 


96 


85 


93 


95 


97 


77 


83 


68 


71 



' Formuladons applied to the plots preemergence. 

*Vclvctleaf and Spring Whcai are not included in the grass average. Percent 
<;ontrol ratings were determined 20 days after tre^menL 



25 



TABLE 12 



Efficacy of aomazonc CS Formulation P Compared to 
Command ® 4 EC Herbicide against Weeds in Held Soidies 



Percent Control 



IPlant Species 
IFonmiladon 


15 DAT 


30 DAT 


60 DAT 


P 


4 EC 


P 


4 EC 


P 


4EC 


Wtlvetleaf 


95.0 


95.0 


97.5 


97.55 






IPrickly Sida 


893 


90.5 


83.6 


90.7 


77.3 


88.5 


Spotted Spurge 






95.0 


98.0 


87.5 




iCockiebur 


58.8 


72.5 


58.8 


59.4 


93.5 


Bxoadleaf 


100.0 


100.0 


100.0 


100.0 


95.0 


95,0 


.'^gnalgrass 






96.0 


97,0 






Seedling 










lohnsongrass 










100.0 


100.0 


:Large Crabgrass 






95.5 


99-0 


Pitted 


93,0 


95.2 


8Z9 


89.5 


78.4 


88^ 


Mormnggloiy 










57.0 


77.0 


Ivyleaf 


9Z1 


95.0 


88.0 


91.0 


Moniingglory 










66.9 


73.0 


Entire 


73.9 


70.9 


73.9 


71.6 


Moniingglory 










99.0 




Momingglory 






95.7 


993 


Spp. 















35 



40 



45 



50 



55 



Formulation 



Effects on Cotton (Percem) 



15 DAT 



30 DAT 



60 DAT 



P 


4EC 


P 


4 EC 


P 


4 EC 


0 


0 


0 


0 


0 


0 


0.5 


0,2 


1.1 


3.0 


0 


0 


1.8 


5,9 


1.7 


4.9 


0 


0.2 



Stand Induction 

Stunting 

Discoloratioa 



DAT is days after ticatmenL 

Rate of education for both formulaiions is 0.88 pound a.i7acre. 
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TABLE 13 



EiScocy of Qomazone CS Fonnulation P Compared to 
Command ® 4 EC Herbicide against Certain Weeds in 
5 Held Studies 



Percent Control 
Rate of AppHcadon (lb/A)' 



10 



15 



Plant Species 


0.25 


0.50 


0.75 


1.00 


FormuliUion 


P 


4 EC 


P 


4 EC 


P 


4 EC 


P 


4 EC 


Redroot 


73.8 


88.8 


9Z3 


97.5 


100.0 


100.0 


100.0 


100.0 


Pigweed 


















Velvetleaf 


85.0 


83.8 


91.0 


983 


97.0 


99.8 


98.8 


100.0 


Conunon 




95,0 


97.3 


100.0 


100.0 


100.0 


99.8 


100.0 


Barnyard- 


















grass 


















Giant Foxtail 


92.5 


96.3 


98-0 


100.0 


100.0 


100.0 


100.0 


100.0 


Shanercane 


65.0 


73.8 


76.3 


96.0 


91.3 


973 


943 


100.0 



'Fonxuiladtons applied to plou preemergence. 
2^ Percem control ratzngs were deeemnned IS days after treatment. 
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We Claim: 

1 . A process for the preparation of herbicidally effective formulations of 
5 clomazone having a volatiHty less than fifty percent of the volatility of an emusifiable 
concentrate of clomazone containing four pounds of clomazone per gallon of formulation 
which comprises microencapsulating the clomazone by interfacial polymerization by the 
steps of: 

a) providing an aqueous phase containing 0.3 to 3.0 wt. % of one or more 
10 emulsifiers; [optionally 0.02 to 0.20 wt. % of a xanthan gum viscosity 

modifier/stabilizer, and 0.1 to 1.0 wt. % of an antifoam agent;] 

b) providing a water immiscible phase consisting of clomazone, polymethylene 
polyphenyl isocyanate (PMPPI), and a hydrocarbon solvent; the weight ratio of 
clomazone to PMPPI being in the range of 1 : 1 to 6: 1 ; 

15 c) emulsifying the water immiscible phase in the aqueous phase, forming a 

dispersion of water immiscible droplets throughout the aqueous phase; 

d) agitating the dispersion while adding thereto an aqueous solution of 1 5 to 1 00 
weight percent of at least one polyfunctional amine selected ftom 
ethylenediamine (EDA), diethyltriamine (DETA), triethylenetetramine (TETA), 

20 and 1 ,6-hexanediamine (HDA), with the proviso that (EDA) is used only in a 

mixture, the weight ratio of polyfunctional amine to PMPPI being in the range of 
0. 1 : 1 to 1 : 1 , thus forming microcapsules having a polyurea shell wall around the 
water immiscible droplets; and 

e) curing the microcapsules by continuing the agitation while heating the dispersion 
25 at a temperature in the range of 35° to 60° C. for a period of 3 to 1 0 hours to 

produce a formulation in which the average size of the microcapsules is in the 
range of 5 to 50 microns [; 

f) optionally adjusting the pH to between 6.5 and 9.0] . 



30 2. A process according to claim 1 in which the emulsifier is a polyvinyl alcohol; 

the antifoam agent is a poly dimethyl siloxane; the ratio of clomazone to PMPPI is 4.5:1 
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to 4.7:1; the poly amine is a mixture of TETA and HDA in which the ratio of TETA to 
HDA is 3:1 to 1 :3; the microcapsules are cured at 45° to 50° C. for 4 to 5 hours and have 
an average size of 5 to 30 microns. 

5 3. A process of claim 2 in which there is added to the formulation after 

completion of the curing step one or more stabilizers selected from 0.05 to 0.30 wt. % 
xanthan gum, 0.75 to 6.5 wt. % propylene glycol, 0.5 to 6.0 wt. % one or more 
surfactants, and 0.25 to 0.50 wt. % smectite clay, to adjust the viscosity to 1700 to 3800 
cps and the suspensibility to greater than 70%, each weight percent relative to the weight 
1 0 of the formulation after addition of the stabilizers. 

4. A process according to claim 1 in which the emulsifier is a polyvinyl alcohol; 
the antifoam agent is a poly dimethyl siloxane; the ratio of clomazone to PMPPI is 4.5:1 
to 4.7:1 ; the polyamine is a mixture of DETA and HDA in which the ratio of DETA to 

15 HDA is 3:1 to 1 :3; the raicrocapsules are cured at 45° to 50° C. for 4 to 5 hours and have 
an average size of 5 to 30 microns. 

5. A process of claim 3 in which the amounts of stabilizers added are 0.05 to 
0.25 xanthan gum and 1.0 to 6.0 propylene glycol. 

20 

6. A process according to claim 1 in which the emulsifiers are a polyvinyl 
alcohol [and, optionally a sodium salt of sulfonated naphthalene condensate] ; the 
antifoam agent is a polydimethyl siloxane; the ratio of clomazone to PMPPI is 4.5:1 to 
4.7:1; the polyamine is DETA, the microcapsules are cured at 45° to 50° C. for 4 to 5 

25 hours and have an average size of 5 to 30 microns. 

7. An herbicidal formulation prepared according to any one of claims 1 
through 6. 



30 



8. A process for the preparation of herbicidally effective formulations of 
clomazone having a volatility less than fifty percent of the volatility of an emusifiable 
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concentrate of clomazone containing four pounds of clomazone per gallon of formulation 
which comprises microencapsulating the clomazone by interfacial polymerization by the 
steps of: 

a) providing an aqueous phase containing 0.5 to 3.0 wt. % of one or more 
5 emulsifiers; [optionally 0.05 to 0.20 wt. % of a xanthan gum viscosity 

modifier/stabilizer, and 0.3 to 1 .0 wt. % of an antifoam agent;] 

b) providing a water immiscible phase consisting of clomazone, polymethylene 
polyphenyl isocyanate (PMPPI), and a hydrocarbon solvent; the weight ratio of 
clomazone to PMPPI being in the range of 1 : 1 to 6: 1 ; 

1 0 c) emulsifying the water immiscible phase in the aqueous phase, forming a 
dispersion of water immiscible droplets throughout the aqueous phase; 

d) agitating the dispersion while adding thereto at least one polyfunctional amine 
selected from diethyltriamine (DETA), triethylene-tetramine (TETA) and 1,6- 
hexanediamine (HDA), the weight ratio of polyfunctional amine to PMPPI being 

15 in the range of 0. 1 : 1 to 1:1, thus forming microcapsules having a polyurea shell 

wall around the water immiscible droplets; and 

e) curing the microcapsules by continuing the agitation while heating the dispersion 
at a temperature in the range of 35° to 60'' C. for a period of 3 to 10 hours [; 

f) optionally adjusting the pH to between 6.5 and 9.0] . 

20 

9. An herbicidal [composition] formulation containing from 1 to 4 pounds of 
clomazone per gallon of formulation and having a volatility less than fifty percent of the 
volatility of an emusifiable concentrate of clomazone containing four pounds of 
clomazone per gallon of formulation, comprising: 
25 a) an aqueous suspension of microcapsules made up of a polyurea shell surrounding 

a core of clomazone and a minor amount of a hydrocarbon solvent, the polyurea 
having been formed from the interfacial reaction of polymethylene polyphenyl 
isocyanate (PMPPI) with ethylenediamine (EDA), diethylenetriamine (DETA), 
triethylenetetramiine (TETA), or 1 ,6-hexanediamine (HDA), or a mixture of the 
30 polyfunctional amines, with the proviso that EDA is used only in a mixture; 

b) 0.2 to 1.00 v^. % polyvinyl alcohol; 
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c) 0.1 to 0.5 wt. % antifoam agent; and 

d) [optionally 0.07 to 0.30 wt. % xanthan gum viscosity modifier/stabilizer; and 

e) ] 0,75 to 7.0 wt. % propylene glycol, the average size of the microcapsules being 

in the range of 5 to 50 microns and having a suspensibility of greater than 70%, a 
5 viscosity of 1700 to 3800 cps, and a 100 mesh wet screen analysis of greater than 

99.95%. 

10. A [composition] formulation of claim 9 containing two pounds of clomazone 
per gallon of formulation, in which the weight ratio of clomazone to PMPPI is 4.5:1 to 

10 4.7:1 and the polyfunctional amines are TETA and HDA, with the weight ratio of TETA 
to HDA 3:1 to 1:3. 

1 1 . A [composition] formulation of claim 9 containing two pounds of clomazone 
per gallon of formulatio3i, in which the weight ratio of clomazone to PMPPI is 4.5:1 to 

15 4.7:1 and the polyfunctional amines are TETA and DETA, with the weight ratio of 
TETA to DETA3:1 to 1:3. 

12. A [composition] formulation of claim 9 containing two pounds of clomazone 
per gallon of formulation, in which the weight ratio of clomazone to PMPPI is 4.5:1 to 

20 4.7:1 and the polyfunctional amines are DETA and HDA, with the weight ratio of DETA 
to HDA 3:1 to 1:3. 

13. A [composition] formulation of claim 9 containing three pounds of 
clomazone per gallon of formulation, in which the weight ratio of clomazone to PMPPI 

25 is 4.5:1 to 4.7:1 and the polyfunctional amine is DETA. 



14. A [composition] formulation of claim 13 in which the pH is adjusted to 
between 6.5 and 9.0. 



30 



15. The process for the preparation of clomazone formulations of claim 1 further 



comprising: 
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f) adjusting the pH of the cured microcapsule dispersion to between 6.5 and 9.0. 

16. The process for the preparation of clomazone formulations of claim L 
wherein the aqueous phase of step a) comprises 0.02 to 0.20 wt. % of a xanthan gum 

5 viscosity modifier/stabilizer. 

17. The process for the preparation of clomazone formulations of claim 16. 
wherein the aqueous phase of step a) further comprises 0.1 to 1.0 wt, % of an antifoam 
agent. 

10 

1 8. The process according to claim 6 in which the emulsifiers comprise a 
polyvinyl alcohol and a sodium salt of sulfonated naphthalene condensate. 

19. The process for the preparation of clomazone formulations of claim 8 further 
15 comprising: 

f) adjusting the pH of the cured microcapsule dispersion to between 6.5 and 9.0. 

20. The process for the preparation of clomazone formulations of claim 8. 
wherein the aqueous phase of step a) comprises 0.05 to 0.20 wt. % of a xanthan gum 

20 viscosity modifier/stab Llizer. and 0.3 to 1.0 wt. % of an antifoam agent. 

21. The herbicidal formulation of claim 9. further comprising: 
e) 0.07 to 0.30 wt. % xanthan gum viscosity modifier/stabilizer. 

25 22. An herbicidal formulation comprising an aqueous suspension of microcapsules, 

wherein said microcapsules comprise a polyurea shell and encapsulated material 
comprised of an herbicidally effective amount of clomazone and a hydrocarbon 
solvent 

wherein the formulation has a clomazone volatility less than the volatility of an 
30 emusifiable concentrate of clomazone containing a corresponding concentration of 
clomazone. 
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23. The herbicidal formulation of claim 22. wherein the clomazone volatility is 
less than fifty percent that of the emulsifiable concentrate of clomazone. 

5 24. The herbicidal formulation of claim 22, wherein the formulation has from 1 

to 4 pounds of clomazone per gallon of formulation. 

25. The herbicidal formulation of claim 24, wherein the average size of the 
microcapsules ranges from 5 to 50 microns. 

10 

26. The herbicidal formulation of claim 25, wherein the formulation has a 
suspensibility of greater than 70%. 

27. The herbicidal formulation of claim 26, wherein the formulation has a 
15 viscosity of 1700 to 3800 cps. 

28. The herbicidal formulation of claim 27, wherein the formulation a 100 mesh 
wet screen analysis of greater than 99.95%. 

29. The herbicidal formulation of claim 22, wherein the average size of the 
microcapsules ranges from 5 to 30 microns. 

30. The herbicidal formulation of claim 22, wherein the encapsulated material 
comprises 60 to 85 weight percent clomazone. 

25 

3 1 . A process for the preparation of an herbicidally effective formulation of 
clomazone which comprises the steps of: 

a) providing an aqueous phase: 

b) providing a water immiscible phase comprising clomazone, polymethylene 

30 polypheny 1 isocyanate (PMPPP, and a hydrocarbon solvent, wherein the amount 
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of clomazone is sufficient to provide an herbicidallv effective concentration in the 
product formulation: 
c) emulsifying the water immiscible phase in the aqueous phase, forming a 
dispersion of water immiscible droplets throughout the aqueous phase: 
5 d) agitating the dispersion while adding thereto an aqueous solution of at least one 

polyfunctional amine, thus forming microcapsules having a polvurea shell wall 
around the water immiscible droplets: and 
e) curing the microcapsules, 
thereby obtaining an aqueous suspension of microparticles containing an herbicidallv 
10 effective concentration of clomazone and having a volatility less than the volatility of an 
emusifiable concentrate of clomazone containing a corresponding concentration of 
clomazone. 

32 The process of claim 3 1 . wherein the clomazone volatility is less than fifty 
15 percent of the emulsifiable concentrate of clomazone. 

33. The process of claim 31. wherein the suspension has from 1 to 4 pounds of 
clomazone per gallon of formulation. 

20 34. An herbicidal formulation comprising an aqueous suspension of 

microcapsules wherein said microcapsules comprise a polyurea shell and encapsulated 
material comprised of an herbicidallv effective amount of clomazone and a hydrocarbon 
solvent, the polyurea having been formed from the interfacial reaction of polymethvlene 
polyphenvl isocyanate (PMPPD with one or more polyfunctional amines. 

25 wherein the formiulation has a clomazone volatility less than the volatility of an 

emusifiable concentrate of clomazone containing a corresponding concentration of 
clomazone. 



35. The clomazone formulation of claim 34. wherein the polyfunctional amine is 
30 selected from the group consisting of ethvlenediamine (EDA\ diethyltriamine (DETAV 
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triethvlenetetramine (TETA\ and 1 .6-hexanediamine (HP A), with the proviso that 
(EDA) is used only in a mixture. 

36. The clomazone formulation of claim 34. wherein the formulation has from 1 
5 to 4 pounds of clomazone per gallon of formulation. 

37. A microencapsulated clomazone comprising a shell, whereby said shell 
substantially reduces the volatility of clomazone. 

10 38. The microencapsulated clomazone of claim 37, wherein said shell is 

polyurea. 

39. The microencapsulated clomazone of claim 38. wherein said polyurea is 
formed by interfacial polymerization of PMPPI and a polyfunctional amine. 

15 

40. The microencapsulated clomazone of claim 39, wherein the polyfimctional 
amine is selected from the group consisting of ethylenediamine fEDA^ diethyltriamine 
(PET A), triethylenetetramine (TETA), and 1 ,6-hexanediamine (HDAV with the proviso 
that (EDA) is used only in a mixture. 

20 

41. The clomazone formulation of claim 33, wherein the encapsulated material 
comprises 60 to 85 weight percent clomazone. 

42. The clomazone formulation of claim 33, wherein the volatility of the 

25 formulation is reduced compared to an emusifiable concentrate of clomazone containing 
a corresponding concentration of clomazone, such that when the formulation is applied to 
a target area, injury to plants in areas adjacent to the target area is significantly reduced. 

43. A process for the preparation of a herbicidally effective formulation of 
30 clomazone which comprises microencapsulating clomazone by the steps of: 
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a) providing an aqueous phase containing an effective amount of one or more 
emulsifiers. and an effective amount of an antifoam agent; 

b) providing a water immiscible phase consisting of clomazone. polymethylene 
polvphenvl isocvanate (PMPPI). and a hydrocarbon solvent: 

5 c) emulsifying the water immiscible phase in the aqueous phase, forming a 

dispersion of water immiscible droplets throughout the aqueous phase; 

d) agitating the dispersion while adding thereto an aqueous solution of at least one 
polyfunctional amine selected from ethylenediamine (EDA), diethyltriamine 
(PET A), triethylenetetramine fTETA). and 1 .6-hexanediamine (HDA). with the 

10 proviso that (EDA) is used only in a mixture, thus forming microcapsules having 

a polyurea shell wall around the water immiscible droplets; and 

e) curing the microcapsules by continuing the agitation while heating the dispersion 
to produce a formulation in which the average size of the microcapsules is in the 
range of 5 to 50 microns. 

15 thereby obtaining a aqueous suspension of microparticles containing from 1 to 4 pounds 
of clomazone per gallon of formulation and having a volatility less than fifty percent of 
the volatility of an emusifiable concentrate of clomazone containing a corresponding 
concentration of clomazone. 

20 44. The process of claim 43. wherein step d comprises: 

d^) agitating the dispersion while adding thereto at least one polyfunctional amine 
selected from diethyltriamine (PET A), triethylene-tetramine (TET A) and 1 .6- 
hexanediamine (HP A). 

25 45, The process of claim 43. wherein step d comprises: 

d'> agitating the dispersion while adding thereto 1 .6-hexanediamine (HP A). 

46. The process of claim 43. wherein the suspension has from 1 to 4 pounds of 
clomazone per gallon of formulation. 

30 
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47. The process for the preparation of a herbicidally effective formulation of 
clomazone claim 43, wherein the volatility of the formulation obtained is reduced 
compared to an emusifiable concentrate of clomazone containing a corresponding 
concentration of clomazone, such that when the formulation is applied to a target area. 
5 injury to plants in areas adjacent to the target area is significantly reduced. 
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[57] ABSTRACT 

An heibicidai composition containing from 1 to 4 pounds of 
clomazone per gallon of formulation and having a cloma- 
zone volatility less than fifty percent of that of an emuJsi- 
fiable concentrate containing four pounds of clomazone per 
gallon of foiTnulation is prepared by the interfacial reaction 
of poiymethylene polypheny! isocyanate with a polyfunc- 
tional amine selected from cthylenediamine, dieihyienetri- 
amine, trietJliylenetetramine, 1.6-hexanediamine, and their 
mixtures in an aqueous phase optionally containing from 
0.05 to 0.25 weight percent of a xanthan gum viscosity 
modined/stabOizer, Several such formulations and the 
method of their preparation are described. 
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